ABSTRACT: Trefoil factor 3 (TFF3), cholinesterase activity (ChE activity) and homocysteine (Hcy) play critical roles in modulating recognition, learning and memory in neurodegenerative diseases, such as Parkinson's disease dementia (PDD) and vascular parkinsonism with dementia (VPD). However, whether they can be used as reliable predictors to evaluate the severity and progression of PDD and VPD remains largely unknown. Methods: We performed a cross-sectional study that included 92 patients with PDD, 82 patients with VPD and 80 healthy controls. Serum levels of TFF3, ChE activity and Hcy were measured. Several scales were used to rate the severity of PDD and VPD. Receivers operating characteristic (ROC) curves were applied to map the diagnostic accuracy of PDD and VPD patients compared to healthy subjects. Results: Compared with healthy subjects, the serum levels of TFF3 and ChE activity were lower, while Hcy was higher in the PDD and VPD patients. These findings were especially prominent in male patients. The three biomarkers displayed differences between PDD and VPD sub-groups based on genders and UPDRS (III) scores' distribution. Interestingly, these increased serum Hcy levels were significantly and inversely correlated with decreased TFF3/ChE activity levels. There were significant correlations between TFF3/ChE activity/Hcy levels and PDD/VPD severities, including motor dysfunction, declining cognition and mood/gastrointestinal symptoms. Additionally, ROC curves for the combination of TFF3, ChE activity and Hcy showed potential diagnostic value in discriminating PDD and VPD patients from healthy controls. Conclusions: Our findings suggest that serum TFF3, ChE activity and Hcy levels may underlie the pathophysiological mechanisms of PDD and VPD. As the race to find biomarkers or predictors for these diseases intensifies, a better understanding of the roles of TFF3, ChE activity and Hcy may yield insights into the pathogenesis of PDD and VPD.
Longitudinal studies have shown that many PD patients will eventually develop into PD with dementia (PDD), leading to poorer activities of daily living and increased caregiver burden [1, 2] . Although patients with VP show different neuro-pathogenesis than patients with PD, they typically present with similar clinical characteristics as PD [3] . For instance, in the later stages, both diseases present severe non-motor dysfunction, including impaired cognition and depression [4] [5] [6] . Compared with patients with PD or healthy controls, VP patients display more profound cognitive declines with impaired attention [7] . However, risk factors and time to onset for PDD and VP dementia (VPD) vary from patient to patient, reflecting the inter-individual heterogeneity underlying the different pathological substrates of PDD and VPD [3, 8] . Although these risk factors of ongoing PDD and VPD have not been clearly defined, several clinical predictors have been suggested. One population-based cohort study indicated that low CSF levels of -amyloid 42 (A42) at PD diagnosis predict substantial increased risk of early progression to dementia in patients with incident PD [9] . Several lines of evidence have also indicated that uric acid (UA) is a major natural antioxidant that might have neuroprotective properties [10, 11] . Low serum UA levels have been associated with worse cognitive functioning later in life and also with higher risk and faster progression of PD and VP [11, 12] . Table 1 . Demographic, motor, and non-motor parameters.
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PDD
Healthy subjects VPD Trefoil factor 3 (TFF3) is a neuropeptide secreted by secretory epithelial cells principally in the gastrointestinal tract and different cerebral regions including the hypothalamus, pituitary, hippocampi, temporal cortices and cerebellum [13] [14] [15] . Recent studies have shown that TFF3 may facilitate learning, objective recognition and retention of memory [16] . Low TFF3 in CSF is a predictive factor for brain atrophy and its potential role in the pathogenesis of Alzheimer disease (AD) has been suggested [17] . Multiple lines of evidence indicate that TFF3 is associated with vascular epithelial restitution [18] and anti-inflammatory effects and that it exerts protective effects against age-related diseases [17, 19] . Homocysteine (Hcy), a sulfur-containing amino acid produced by the interaction of cysteine and methionine, is closely related to cognitive impairment [20] [21] [22] [23] and high levels can damage endothelial cells [24] . Although both TFF3 and Hcy are correlated with endothelial cell efficiency and declining cognition, the association of TFF3/Hcy levels with the severity of dementia in PD and VP has not been systemically evaluated.
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Cholinesterase activity (ChE activity), including acetylcholinesterase (AChE) activity and butyrylcholinesterase (BuChE) activity, has been studied as a marker for AD and plays a crucial role in preserving cognitive function [25, 26] . Previous studies have found that ChE activity levels reflect metabolic alterations associated with dementia, but they have not yielded information for their differential diagnoses [27, 28] . Several lines of evidence suggest that ChE/AChE activities contribute to regulating vascular endothelial dysfunction [29] , suppressing inflammation and improving recovery prospects in cerebral ischemic diseases [30] .
TFF3, Hcy and ChE activity modulate cognitive function and are associated with vascular function, inflammation and oxidative stress [17, 20, 24, 26, 29] . Vascular damage and chronic inflammation are observed in PDD and VPD patients [31] [32] [33] [34] . Therefore, it is promising to investigate their levels and roles in PDD and VPD. The primary aim of this study was to compare serum levels of TFF3/ChE activity/Hcy among healthy subjects and patients with PDD and VPD. The secondary aim was to evaluate whether serum levels of TFF3/ChE activity/Hcy are associated with motor/non-motor dysfunctions in PDD and VPD. Lastly, we intended to determine the diagnostic value of serum levels of TFF3/ChE activity/Hcy in patients with PDD and VPD. Our study will provide a better understanding of the roles of TFF3, ChE activity and Hcy in the pathogenesis of PDD and VPD.
MATERILAS AND METHODS
Patients and Ethics Statement
This cross-sectional study was performed in the Department of Neurology of the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, P. R. China. From November 2013 to October 2016, a total of 174 dementia patients (PDD and VPD patients) were recruited into this study. A total of 92 PD patients with dementia (49 males and 43 females, Table 1 ) were enrolled in this study. Diagnosis of PDD patients was carried out consensually between 2 clinicians using the diagnostic criteria for PDD [35] . An additional 82 VPD patients with dementia (45 males and 37 females, Table 1 ) were recruited based upon the consensus criteria for the clinical diagnosis of VP. MMSE scores in all patients were less than 25. A total of 80 healthy subjects (44 males and 36 females, Table 1) were recruited from the outpatient setting as the control group. All the outpatients were recruited from the Medical Examination Centre in the Third Affiliated Hospital of Sun Yat-sen University. Exclusion criteria for the study included hypertension, cerebral ischemia, cardiovascular disease, diabetes, renal dysfunction diabetes or psychiatric diseases (e.g. depression, drug addiction). Patients were also excluded if they presented with abnormal prostate carcinoma-related mediators, including prostate-specific antigen (PSA), carcinoembryonic antigen (CEA) or alpha-fetoprotein (AFP).
This study was approved by the local Ethics Committee of the Third Affiliated Hospital of Sun Yat-sen University and was conducted in accordance with the principles outlined in the Declaration of Helsinki and the National Institutes of Health Human Subjects Policies and Guidance released on January and December 23, 1999, respectively. All participants provided written consent for the investigation and their consent to measure levels of serum TFF3, ChE activity and Hcy. Patients with PDD and VPD also completed additional disease-specific standard assessments, which were all conducted in a blinded manner.
Study Design
Experienced neurologists were recruited to perform the evaluations and completed the neurological examinations for both the treatment and control participants. All patients with PDD included in this study satisfied the criteria presented in Emre's reports [35] . PDD exclusion criteria were as follows: (1) PDD patients with disability due to neurological disorders other than PDD, such as cerebrovascular disease, sequelae or psychosis; (2) PDD patients with somatic diseases that could have a potential effect on NMS (e.g., pain syndromes, advanced diabetes mellitus, malignancy, renal, hepatic/heart failure, severe anemia, any other acute/chronic debilitating or life-threatening diseases/states); (3) MMSE scores higher than 25 (25 excluded); or (4) refusal to provide informed consent. All patients with VPD in this study fulfilled the criteria presented in Dunet and Zijlmans' reports [31, 36] as follows: (1) parkinsonism, defined as bradykinesia and at least one of the following: resting tremor, rigidity or postural instability; (2) cerebrovascular disease, defined as evidence of relevant cerebrovascular disease by brain imaging or the presence of focal signs or symptoms that are consistent with stroke; (3) a relationship between these first two criteria and the following: an acute or delayed progressive onset of parkinsonism (within 1 year) after stroke with evidence of infarcts in or near areas that increase the basal ganglion motor output or decrease the thalamocortical drive directly OR an insidious onset of parkinsonism with extensive subcortical white matter lesions, bilateral symptoms at the onset and the presence of early shuffling gait or early cognitive dysfunction. All subjects completed the following battery of standard assessment measures: a standard demography form, the unified Parkinson's disease rating scale (UPDRS) [37] and the modified Hoehn and Yahr staging scale (H&Y) [38] . The UPDRS(I) 'mentation' and UPDRS(II) 'daily life' subscales were used to evaluate psychiatric dysfunction and disease severity. The UPDRS (III) 'motor' and H&Y subscales were used to evaluate motor dysfunction and disease severity. The degree of nonmotor symptoms (NMS) in every patient was measured by the NMS scale (NMSS) [5, 39, 40] . Cognitive abilities were evaluated with the Mini-Mental State Examination (MMSE) [5, 41] . All scales were available and validated for the Chinese population [5] . According to Reinoso and Oosterveld's studies, we divided the PDD and VPD into three sub-groups with UPDRS-III scores respectively, namely mild (≤30 points, 28 cases for PDD, 21 cases for VPD) , moderate ( 31-50 points, 39 cases for PDD, 36 cases for VPD) and severe ( >50 points, 25 cases for PDD, 25 cases for VPD) [42, 43] . All participants were scanned using magnetic resonance imaging (MRI) and representative MRIs for normal controls/PDD/VPD patients are shown in Figure 3 . Demographic and clinical data for participants are shown in Table 1 .
Blood sampling measurement
Venous blood samples for TFF3, ChE activity and Hcy measurements were obtained from all subjects in the study. 5 ml of blood was drawn from the patients under fasting state in the morning and all of blood measurements were replicated thrice. The serum was separated for a total of 1 h by centrifugation at 3,000 rpm for 10 min. Separated sera were stored at -30°C until laboratory evaluation took place. Serum levels of TFF3 were measured using commercial ELISA kits purchased from R&D Systems (Minneapolis, MN, USA) and performed in accordance with the manufacturer's instructions. ChE activity levels were measured using the method of Ellman et al. [44] . Serum levels of Hcy were determined using a solid-phase competitive chemiluminescent enzyme immunoassay [20] . 
RESULTS
Patient Characteristics
This cross-sectional study consisted of 92 PDD patients, 82 VPD patients and 80 healthy subjects ( Table 1 ). The mean age of the VPD patients was higher than the mean age of the PDD patients (Table 2 ) and the mean age of the VPD patients was higher than the mean age of the normal subjects (Table 2 ). There were no significant differences in ages among the PDD patients and the healthy controls (Table 2 ). Demographic and clinical data for all subjects are shown in Table 1 .
Comparisons of Age, MMSE, TFF3, ChE activity and Hcy between PDD/VPD Patients and Healthy Subjects
In this study, the mean age for patients with VPD was higher than that of the PDD patients (Table 2) and the MMSE for patients with VPD was lower than that of PDD patients (Table 2 ). Significant differences in serum levels of TFF3/ChE activity/Hcy were found among the PDD and VPD patients and the control subjects (Table 2) .
Serum levels of TFF3 in PDD/VPD patients were lower than in normal subjects (Table 2) , while no significant differences in TFF3 levels between PDD and VPD patients were observed. Similarly, ChE activity levels in patients with VPD were significantly lower than in the healthy subjects (Table 2) . Serum Hcy levels in PDD/VPD patients were higher than in the normal subjects (Table 2) , but no significant differences in Hcy levels between PDD and VPD patients were found. When PDD and VPD patients and normal subjects were divided into specific gender groups, the serum levels of TFF3 in the male/female patients with PDD were lower than those of the normal male/female subjects (Table 3) . Similarly, a significant decrease was observed in plasma ChE activity between PDD male/female patients and normal male/female subjects (Table 3) . However, a significant difference was observed in plasma Hcy levels between PDD male/female patients and normal male/female subjects (Table 3 ). Additionally, in PDD patients, levels of TFF3 in male patients were lower than in female patients (Table 3) , while serum Hcy levels in male patients were higher than those in female patients with PDD (Table 3 ). There were no significant differences in serum ChE activity levels between male PDD patients and female PDD patients (Table 3) . Interestingly, our data showed that serum TFF3 and ChE activity levels in male/female VPD patients were significantly lower than in male/female normal subjects (Table 4) , while Hcy serum levels were significantly higher than in male/female normal subjects (Table 4 ). TFF3 levels in male VPD patients were lower than in the female VPD patients (Table 4) , while serum Hcy levels in male VPD patients were higher than those in female VPD patients (Table 4 ). There were no significant differences in the serum ChE activity levels between male VPD patients and female VPD patients. 
Comparison of TFF3, Hcy and ChE activity between PDD and VPD patients according to genders and UPDRS-III scores
We found serum Hcy levels in male VPD patients were significantly higher than those in male PDD patients (Table 5) , while serum TFF3 and ChE activity didn't display such gender-associated differences between PDD and VPD patients (Table 5) . When PDD and VPD groups were divided into three sub-groups based on UPDRS-III scores respectively, we found serum TFF3 levels were significantly lower in VPD patients than those in PDD patients in UPDRS(III)≤30 and 31<UPDRS(III)<50 subgroups. Besides, our data showed that serum ChE activity were significantly lower in VPD patients than those in PDD patients in 31<UPDRS(III)<50 and UPDRS(III)>50 sub-groups (Table 5) .
Correlation analyses among TFF3/ChE activity and Hcy Levels in PDD and VPD Patients
To evaluate the relationships between TFF3/ChE activity and Hcy Levels in PDD and VPD patients, we conducted Spearman's correlation analysis. We found a significant negative correlation between TFF3 and Hcy Levels in PDD and VPD patients ( Table 6 , Fig. 1 ). Similarly, a profound inverse correlation between ChE activity and Hcy levels was observed in PDD and VPD patients ( Table  6 , Fig. 1 ).
Correlations among TFF3/ChE activity/Hcy levels and age, UPDRS, H&Y, MMSE and NMSS (total/domain) in PDD and VPD Patients
To evaluate correlations between the severity of the disease and clinical variables in PDD and VPD patients, we conducted Spearman's correlation analysis among mediator variables and various assessments. We found TFF3 level was negatively correlated with UPDRS, UPDRS(Ⅲ) and H&Y staging and positively correlated with MMSE scores in PDD and VPD patients (Table 7) . Although no significant correlations were observed for TFF3 and UPDRS(I), TFF3 and UPDRS(II), TFF3 and UPDRS(IV) or TFF3 and some of burdens of NMSS, there were significant correlations between TFF3 and NMS burdens of mood, attention/memory, as well as gastrointestinal distress in PDD and VPD patients (Table  7) . Besides, serum Hcy was positively correlated with H&Y staging and negatively correlated with MMSE scores in PDD and VPD patients (Table 7) . Specifically, positive correlations were observed between Hcy and NMSS-cardiovascular burden in PDD and VPD patients, and between Hcy and NMSS-attention/memory burden in VPD patients (Table 7 ). There were, however, no significant correlations between Hcy and UPDRS, Hcy and UPDRS(I), Hcy and UPDRS(II), Hcy and UPDRS(Ⅲ), Hcy and UPDRS(IV) or Hcy and NMSS in either PDD/VPD patients. Additionally, we found serum ChE activity was negatively correlated with UPDRS, UPDRS(Ⅲ), H&Y staging and positively correlated with MMSE scores in PDD and VPD patients (Table 7 ). There were negative correlations between ChE activity and the NMSScardiovascular burden in VPD patients, and between ChE activity and NMS burdens of mood and attention/memory in PDD and VPD patients (Table 7) . No significant correlations were observed between ChE activity and UPDRS (I/II/IV), ChE activity and NMSS in PDD and VPD patients. Interestingly, our results also showed that, although patients with PDD and VPD were treated with L-dopa, this L-dopa treatment was not significantly correlated to their serum levels of TFF3, Hcy or ChE activity (Table 7) . This finding strongly suggests that Ldopa medication in PDD and VPD patients does not influence the validity of TFF3/Hcy/ChE activity assessment in those PDD and VPD patients.
ROC Curves for TFF3, ChE activity and Hcy in the Diagnosis of PDD and VPD
ROC curves were constructed to explore whether TFF3, ChE activity and Hcy levels could provide credible discrimination between PDD patients and normal subjects. ROC curves for TFF3 analysis revealed that an area under the curve (AUC) value of 0.778 ( Fig. 2A) was appropriate; the cut off was at 15.39 μmol/L, with a sensitivity of 62% and specificity of 90%. The AUC for Hcy was 0.690 (Fig.  2C) ; the cut off was at 16.82 μmol/L, with a sensitivity of 54% and specificity of 86%. However, the AUC for ChE activity was 0.516 (Fig. 2B) , indicating no significant differences. The AUC for the combination of TFF3, Hcy and ChE activity was 0.880 (Fig. 2D) , with a sensitivity of 68% and a specificity of 89% at a cutoff of 0.59 on the predicted risk algorithm. Furthermore, in VPD patients, the AUC for TFF3 was 0.748 (Fig. 2E) ; the cut-off was at 14.21 µmol/L, with a sensitivity of 60% and a specificity of 75%. The AUC for Hcy was 0.623 (Fig. 2G) ; the cut off was at 18.36 μmol/L, with a sensitivity of 48% and specificity of 66%. However, the AUC for ChE activity was 0.567 (Fig. 2F) ; the cut off was at 7250 U/L, with a sensitivity of 44% and specificity of 56%. The AUC for the combination of TFF3, Hcy and ChE activity was 0.846 (Fig. 2H) , with a sensitivity of 57% and a specificity of 76% at a cutoff of 0.53 on the predicted risk algorithm. These data indicate that the combination variable was more robust than TFF3, ChE activity or Hcy alone in distinguishing PDD and VPD patients from healthy controls. 
DISCUSSION
We found several important results in this study. First, we found a pronounced decrease in the serum levels of TFF3
and ChE activity and an increase in the levels of Hcy in PDD/VPD patients when compared to healthy subjects. Second, increased serum Hcy levels were significantly and inversely correlated with decreased TFF3/ChE activity levels. Third, there were significant correlations between TFF3/ChE/Hcy levels and the severity of PDD/VPD, including motor dysfunction, declining cognition and mood/gastrointestinal symptoms. Lastly, our ROC curve analysis strongly indicated that the combination of TFF3, ChE activity and Hcy could significantly discriminate PDD/VPD patients from healthy subjects and could be applied as a potential screening instrument for disease diagnosis. To our knowledge, this is the first study to explore changes in the serum levels of TFF3 and ChE activity in PDD/VPD patients and to evaluate the potential relationships between TFF3 and the dementia. The interesting finding of inversed correlation between serum TFF3/ChE activity and Hcy levels may shed light on the underlying pathogenesis of PDD and VPD. Over the past few years, comparisons of VPD and PDD patients have received significant attention for the diagnosis, therapy and evaluation of their status [36, [45] [46] [47] [48] . We found that NMS (including cardiovascular, sleep and mood disorders) are very common in patients with PDD and VPD, with a prevalence of NMS in the group of 100% and an NMSS for PDD (Table 1 ) consistent with previous reports [39, 49] . Interestingly, as shown in Tables 1 and 2 , our patients with VPD exhibited shorter disease durations and older ages at onset than those patients with PDD. This finding implies that Chinese VPD patients may develop symptoms later in life, but they may experience deterioration faster than PDD patients. Additionally, a later age at onset of VP would favor a vascular cause [31] . Significant reductions in scores on the MMSE were observed in VPD patients when compared to the PDD group (Table 2 ). This result demonstrates that compared to PDD subjects, Chinese VPD patients had already undergone a greater decline in cognitive function by the time they visited the neurologist. This result is in agreement with Zijlmans' finding [36] and implies that our VPD patients may have more subcortical lesions than the patients with PDD and these subcortical vascular ischemic lesions may have led to their more rapidly declining cognition [7] .
Until now, the roles of TFF3 in the central nervous system have not been adequately explored. TFF3 has been previously documented to be associated with cognitive functioning, including vascular epithelial restitution and suppressing inflammation in the central nervous system [16] [17] [18] [19] . TFF3 levels in patients with PDD/VPD were significantly lower than in the healthy subjects, similar to findings from other neurodegenerative diseases such as AD [17] . When compared to healthy controls, these decreased TFF3 levels in PDD/VPD patients imply that TFF3 contributes to the pathophysiological mechanisms of disease development. Serum ChE activity reflects metabolic alterations associated with dementia [50] . Szilagyi et al. described lowered serum and CSF ChE activity in patients with dementia [51] . We also found that serum ChE activity in VPD patients was significantly lower than that in healthy subjects. Although serum ChE activity in PDD patients was lower than in healthy subjects, the difference did not reach significance. One possible explanation may be that these declines in ChE activity in the CNS are not low enough to affect peripheral concentrations in PDD patients [52] . It has been well documented that altered TFF3 and ChE activity are associated with a higher risk of AD. Low CSF TFF3 levels are associated with both the rate of cognitive decline and the rate of hippocampal atrophy and ventricular expansion [17] . Several lines of evidence have indicated that significantly lower cortical and thalamic AChE activity are associated with declines in cognitive impairment [52] . Therefore, in the diagnosis and evaluation of PDD and VPD, TFF3 and ChE activity could be used as potential markers.
Previous studies have demonstrated that elevated plasma Hcy levels represent a risk factor for declining cognition and dementia in the general population [22, 53] , but Hcy levels have also been associated with mild cognitive impairment (MCI), AD, PD, and vascular dementia [20, 23, 54, 55] . Similar results have been observed in PDD and VPD patients. These findings strongly suggest that higher levels of Hcy may contribute to the severity of PDD and VPD. Therefore, Hcy may be a possible target in the treatment of PDD and VPD [54, 56] .
After dividing subjects by gender, we noticed ( Table  4 ) that serum TFF3 levels in male PDD/VPD patients were significantly lower than female PDD/VPD patients, while serum Hcy levels in male PDD/VPD patients were significantly higher than in female PDD/VPD patients. This finding suggests that serum TFF3 and Hcy may be more useful in evaluating PDD/VPD in men. These biophysiological associations between gender-specific hormones and TFF3/Hcy may be partly attributable to higher occurrences of PDD/VPD in men [57, 58] .
Interestingly, we observed no significant difference in serum TFF3, ChE activity and Hcy levels between PDD and VPD patients. This finding may be due to the similar neuro-pathogenesis between PDD and VPD, i.e. those three factors participating the vascular epithelial restitution and suppressing inflammation in the brain [18, 19, 22, 26, 29] . We next explored the differences between PDD and VPD patients. Although the three serum biomarkers displayed no difference between these two groups, serum Hcy levels were higher in male VPD patients than those in male PDD patients (Table 5) , implying Hcy may be more suitable to evaluate the status and more closely correlated to the neuro-pathogenesis in male VPD patients [58] . When PDD and VPD groups were divided into three sub-groups based on UPDRS-III scores respectively, we found serum TFF3 levels were significantly lower in VPD patients than those in PDD patients in UPDRS(III)≤30 and 31<UPDRS(III)<50 subgroups. This finding suggests that in VPD patients, especially in the early-mid stage, micro-vascular impairment and inflammatory response are more prominent, as indicated by the lower levels of serum TFF3 in VPD compared to PDD [4, 6, 18, 19] . Interestingly, we noticed that serum ChE activity was significantly lower in VPD patients than those in PDD patients in 31<UPDRS(III)<50 and UPDRS(III)>50 sub-groups (Table 5 ). This result strongly implies that during midlater stage, cerebral function is more impaired and more neurons are damaged in VPD compared to PDD, as shown by lower ChE activity in VPD [25, 26] . Whether serum TFF3 and ChE activity could be used in evaluating the status of VPD and PDD needs further exploration. TFF3 and ChE activity showed strong negative correlations with UPDRS, H&Y and NMSS (mood and attention/memory) and positive correlations with MMSE in PDD/VPD patients. This finding strongly suggests that serum levels of TFF3 and ChE activity may significantly influence motor and non-motor dysfunction in PDD and VPD patients. Previous studies have indicated that TFF3 deficiency presents with a significant forelimb motor dysfunction in experimental ischemic injury mice [59] . Significant correlations were also observed between decreased cortical AChE activity and higher total UPDRS scores in patients with PD [52, 60] . These findings suggested that the ascending cholinergic system from the nucleus basalis of Meynert to the cerebral cortex is impaired more severely as PD advances. We also found similar findings for ChE activity, with significant correlations between lower ChE activity and higher UPDRS/UPDRS III scores in PDD and VPD patients. Specifically, TFF3 and ChE activity showed negative associations with mood and attention/memory and positive correlations with MMSE in PDD/VPD patients, further demonstrating that these two dysfunctions could be important targets for disease evaluation using plasma levels of TFF3 and ChE activity. Consistent with our notions, several studies have shown that TFF3 deficiency and low levels of ChE activity are correlated with mood, memory deterioration and cognitive function [16, 50] . We also noticed plasma levels of TFF3 showed robust associations with the gastrointestinal domain in PDD and VPD patients, implying that TFF3 could be a high-risk factor for gastrointestinal disease. Interestingly, Hcy demonstrated strong positive correlations with H&Y and NMSS (cardiovascular domain) and a negative correlation with MMSE in PDD/VPD patients, implying that plasma Hcy levels might be used to evaluate the severity of cognitive status of PDD and VPD patients [61, 62] .
Since several lines of evidence show that TFF3, ChE and Hcy may be involved in the pathogenesis of dementia [16, 22, 23, 26] , we specifically explored the relationships among serum TFF3, ChE and Hcy. In the current study, we noticed a significant and inverse correlation between Hcy and TFF3/ChE activity in PDD and VPD patients (Table 6, Figure 1 ). Previous studies have indicated that elevated plasma Hcy increases the risk of dementia by impacting cerebrovascular pathology [5, 6, 63, 64] . These higher levels of Hcy in PDD/VPD patients may damage neuron and vascular endothelial cells in the brain, inducing neuroinflammation [23, 65, 66] . High levels of Hcy could break down the blood brain barrier (BBB) and lead to cerebrovascular dysfunction, which subsequently modulates the activities of enzymes and neuropeptides and influences hippocampal volume in the pathophysiological processes of dementia [67] [68] [69] . It has been shown that Hcy could stimulate superoxide and hydrogen peroxide generation in vivo and in vitro [70] and that ChEs activities are inhibited by high level of Hcy mediated by the generation of free radical formation [71] [72] [73] . Multiple lines of evidence indicate that TFF3 exerts protective effects via promoting vascular epithelial restitution and anti-inflammation，which is opposite to the effects of Hcy [17] [18] [19] . Therefore, we propose that Hcy may negatively influence cognitive functioning in PDD/VPD patients via altering cerebrovascular pathology and subsequently downregulating TFF3/ChE activity, subsequently leading to impaired cognition in PDD and VPD. Based on this finding, we hypothesize that the combination of TFF3, ChE activity and Hcy would be an early pathophysiological marker for cognitive dysfunction in VP and PD patients.
Our ROC data indicate an acceptable sensitivity and specificity for TFF3 and ChE activity in the potential discrimination of PDD/VPD patients from normal subjects. Notably, TFF3 displays more reliable discrimination when compared to ChE activity ( Figures  2A, D) . Moreover, one of the most notable findings in the current study showed that the combination of TFF3 and ChE activity and Hcy exhibited better discriminatory ability in PDD/VPD, in comparison to TFF3, ChE activity or Hcy alone. With the use of the serum TFF3 and ChE activity as screening tools, clinicians could potential use these as a combined biomarker to potentially detect PDD/VPD.
There are several limitations to this study: (1) a small number of participants (92 PDD patients, 82 VPD patients, and 80 healthy subjects) were recruited. Therefore, it is necessary to conduct a large population study in the future; (2) most patients with PDD/VPD were at middle-late stages of the disease, with a high median stage on the H&Y scale and a relatively low MMSE score (21.72 for PDD patients, 17.34 for VPD patients); (3) our study is a cross-sectional study. Therefore, longitudinal cohort studies are needed in the future to explore the alterations of the three serum biomarkers (TFF3, ChE and Hcy) during the disease progression in PDD and VPD; (4) genetic factors such as the TFF3 genotype and folate or cholinesterase inhibitor administration were not considered in this study; (5) to validate and complete the questionnaire, we chose only PDD and VPD patients with sufficient cognitive ability, which significantly narrowed the study population. The above criteria (1) (2) (3) (4) (5) in the population chosen may have resulted in a bias for serum levels of TFF3, ChE activity and Hcy in PDD/VPD patients. Therefore, it is necessary to conduct a large population study in the future.
In summary, the current study supports the notion that decreased serum TFF3/ChE activity and increased Hcy may be related to the pathophysiology of PDD and VPD. Based on this study, it is reasonable to speculate that high levels of serum Hcy may negatively influence cognitive function in PDD/VPD patients through various mechanisms, including inducing cerebrovascular pathology and subsequent downregulation of TFF3/ChE activity. Furthermore, low levels of serum TFF3 and ChE activity combined with high levels of serum Hcy may predispose patients to the progressive stages in both motor and non-motor dysfunctions. Based on our findings, we propose that serum TFF3, ChE activity and Hcy may underlie the pathophysiological mechanisms of PDD/VPD and could be used to evaluate the severity of these diseases.
